Recently, a number of protocols extending RNA-sequencing to the 2 single-cell regime have been published. However, we were concerned that 3 the additional steps to deal with such minute quantities of input sam-4 ple would introduce serious biases that would make analysis of the data 5 using existing approaches invalid. In this study, we performed a critical 6 evaluation of several of these low-volume RNA-seq protocols, and found 7 that they performed slightly less well in metrics of interest to us than a 8 more standard protocol, but with at least two orders of magnitude less 9 sample required. We also explored a simple modification to one of these 10 protocols that, for many samples, reduced the cost of library preparation 11 to approximately $20/sample.
mine the lower limit of input needed to reliably produce libraries, we attempted 74 to make libraries from 40, 50, 60, 70 , and 80 ng of Drosophila total RNA, each 75 in triplicate.
76 Table 1 : Total TruSeq cDNA library yields made with a given amount of input total RNA. Yields measured by Nanodrop of cDNA libraries resuspended in 25µL of EB. The italicized samples were unusually low, and when analyzed with a Bioanalyzer, showed abnormal size distribution of cDNA fragments. the protocol where the failures occurred.
84
Thus, we consider 70 ng of total RNA to be the conservative lower limit to 85 the protocol. While this is about 30% smaller than the manufacturer suggests, it 86 is still several orders of magnitude larger than we needed it to be. We therefore 87 considered using other small-volume and "single-cell" RNA-seq kits, which we 88 had less experience with and less faith in the data. experiments for which we are evaluating these protocols. In the original protocol,
152
we noticed that roughly 60% of the cost came from the Nextera XT reagents.
153
Thus, reducing the cost of tagmentation was the obvious goal to target.
154
We made additional libraries, again starting with 1ng of total RNA. We smaller, using proportionally less cDNA as well. Due to the low total yield, we 160 increased the number of enrichment cycles from 6 to 8 (see methods).
161
When normalized to the same number of reads as in experiment 2, the 162 protocols with diluted Nextera reagents performed effectively identically: for 163 instance, the mean correlation coefficients were in both cases 0.96 ± 0.05 ( Fig.   164 2 and Table 4 ). This is despite the additional cycles of enrichment, which 165 improved yield.
166
Because we used a common set of pre-amplified cDNA samples that was 167 performed in a distinct pre-amplification from experiment 2, we can estimate 168 the contribution of that pre-amplification to the overall variation. If, in fact, the 169 pre-amplification is a major contributor to the variation, then we would expect 170 to find that the correlation between, for instance, the slopes of two runs of the than the correlation between the slopes of two runs using the same pre-amplified 173 cDNA pools.
174
Unsurprisingly, the sets of samples that used the same preamplification were 175 more correlated with each other than with the set of samples that used a separate 176 pre-amplification (Fig. 3) . By analogy to dual-reporter expression studies[6], we When sample size is not the limiting factor, it is clear that using well-established 187 protocols that involve minimal sequence-specific manipulation of the sample 188 yields the best results, both in terms of reproducibility and linearity of response. 
218
One of the more striking results is that costs can be significantly reduced by 219 simply performing smaller reactions, without noticeably degrading data quality.
220
We do not suspect this will be true for arbitrarily small samples, such as from 
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and wrote the paper. Figure 3: Estimating the source of preamplification noise. Plotted are the estimated slopes for each of the 3 samples. The 2.5× and 5× dilution samples used the same preamplified cDNA, but different tagmentation reactions, whereas the Full Size sample used different preamplification and tagmentation reactions.
